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ABSTRACT 

National efforts to improve air quality in heavily populated urban communities-by reducing vehicular tailpipe 

emissions-have rekindled interest in the development of electric vehicle technology and infrastructure. Electric 

vehicles make ideal urban-commuter vehicles, for driving to and from. To fulfil increasing demand for higher 

dependability in power semiconductor converters applicable in electrical vehicles, fault detection (FD) and 

mitigation is a very important. During this study, a model-based on open semiconductor switch fault and closed 

semiconductor switch fault designation methodology is conferred for a voltage-source electrical inverter (VSI) 

supply a Squirrel Induction motor drive. To understand this goal, a model based designed by using Simulink. After 

that, the model is studied with and while not of each open and short faults. Afterwards, the planned FD technique 

identifies the faults within the H-bridge cell. The conferred FD technique is easy and fast; additionally, it's able to 

sight multiple open switch or open faults in distinction to standard ways. On the opposite aspect, so as to mitigate 

the occurred faults, the fault occurred switch leg of the cell has been shorted 

Keywords— electric vehicles, fault detection, semiconductor converters, Simulink modelling, H-bridge inverter, 

power system reliability, regenerative braking. 

INTRODUCTION 

The surge in environmental awareness and the global push towards sustainable living have amplified efforts to 

improve air quality, especially in densely populated urban regions [1]. This commitment has notably shifted focus 

towards the reduction of vehicular emissions, catalysing significant advancements in electric vehicle (EV) 

technology and the infrastructure supporting it [2]. Electric vehicles, by virtue of their efficiency and low emissions, 

are becoming increasingly preferred for urban commuting, offering a practical solution for daily travel without the 

environmental drawbacks associated with traditional combustion engines [3]. The reliability of electric vehicles 

hinges significantly on the performance of power semiconductor converters, components critical to their operation 

[4]. This study dives into the intricate world of these converters, specifically examining fault detection (FD) and 

mitigation mechanisms within H-bridge inverter pulse-width modulated (PWM) controlled shunt active power 

filters—an essential feature in enhancing the robustness and reliability of electric vehicles.The integrity and 

performance of power converters directly influence the operational reliability of electric vehicles [5]. As such, the 

ability to detect and address faults promptly in these systems is paramount. The research presented focuses on a 

sophisticated model utilizing both open and closed semiconductor switch fault designation methodologies [6]. This 

model serves as a cornerstone for developing more reliable voltage-source electrical inverters (VSI) that supply 

power to Squirrel Induction motor drives—key components in the drive systems of modern electric vehicles [7]. 

Utilizing MATLAB's Simulink, this study designs a detailed simulation environment to explore system behaviours 

under various fault conditions meticulously [8]. This modelling approach not only facilitates a granular analysis of 

the converter dynamics but also enhances the understanding of fault impacts on overall system performance [9]. The 

evaluation of this model, both with and without the presence of open and short faults, provides an exhaustive insight 

into its fault detection capabilities [10]. The results reveal that the proposed FD technique not only identifies faults 

within the H-bridge cells with remarkable simplicity and speed but also exhibits the ability to detect multiple open 
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switch faults simultaneously [11]. This capability is a significant improvement over conventional methods, which 

often lag in efficiency and accuracy.The study further addresses the immediate concerns following fault detection. 

Upon identifying a fault, especially within the switch legs of the H-bridge cell, the system is designed to promptly 

short the faulty segment [12]. This rapid response mechanism is critical as it helps mitigate any potential disruptions 

that could impair the converter's functionality or, worse, lead to system failures [13]. By ensuring the continuity of 

operations through effective fault mitigation strategies, the model substantially upholds the reliability and safety 

standards necessary for electric vehicle drive systems [14]. 

Moreover, the implications of such advancements extend beyond mere technical enhancements. They resonate 

deeply with the ongoing national and global initiatives aiming to promote cleaner, more sustainable modes of 

transportation [15]. By improving the reliability and efficiency of electric vehicles through advanced fault detection 

and mitigation strategies, this study contributes significantly to the broader objective of reducing urban air pollution 

and promoting environmental sustainability.In conclusion, the study not only underscores the technical feasibility 

and efficiency of the proposed FD technique but also highlights its practical benefits in real-world applications. The 

ability to quickly and accurately detect and mitigate faults within critical components of electric vehicle power 

converters can dramatically enhance the reliability and safety of these vehicles. This advancement is crucial in 

supporting the continued adoption and development of electric vehicles, particularly in urban settings where their 

impact on reducing air pollution can be most significant. As this technology continues to evolve, it promises to play 

a pivotal role in shaping a sustainable, environmentally friendly future for urban transportation, aligning with 

broader efforts to combat climate change and improve air quality in densely populated areas. 

LITERATURE SURVEY 

The expansive literature on fault detection and mitigation in power electronic systems underscores the critical nature 

of maintaining system integrity, particularly in applications pivotal to modern urban infrastructure, such as electric 

vehicles (EVs). The demand for electric vehicles has escalated, driven by the global initiative to reduce air pollution 

through the diminution of vehicular emissions. This surge in electric vehicle adoption necessitates advancements in 

the technology underlying their operation, especially in the robustness of power semiconductor converters—vital 

components tasked with managing and converting electrical power efficiently.Central to the discussion on 

semiconductor converters is the H-bridge inverter, a fundamental configuration within many power systems, known 

for its efficiency in voltage and current control across motors and other loads. Recent studies emphasize the 

susceptibility of these inverters to various operational faults, which can severely disrupt their function and, by 

extension, the reliability of the entire EV system. Consequently, the literature has increasingly focused on the 

methodologies for identifying and mitigating faults in these systems, often highlighting the critical role of advanced 

pulse-width modulation (PWM) techniques and shunt active power filters in enhancing fault tolerance. 

In examining the existing scholarship, one observes a significant emphasis on fault detection (FD) techniques that 

employ both model-based and algorithmic strategies to identify discrepancies indicative of potential failures. 

Techniques such as the use of Artificial Neural Networks (ANN), Fuzzy Logic Controllers (FLC), and Advanced 

Machine Learning algorithms have been widely discussed. These methods provide dynamic and adaptive 

approaches to fault detection, offering high accuracy and the ability to cope with the complex operating 

environments of power converters in electric vehicles.Another critical area of focus in the literature is the 

application of simulation tools like MATLAB Simulink for the development and testing of fault detection and 

mitigation strategies in virtual environments. These tools allow for the detailed modelling of power systems and the 

simulation of faults under various operational conditions, thereby providing invaluable insights into the behaviours 

of systems under stress without the risks associated with physical testing. 

The literature also elaborates on the specific challenges associated with the design of fault-tolerant systems. One of 

the primary concerns is the detection and management of open and short circuit conditions within the H-bridge 

inverter configurations. Studies have proposed various methodologies for detecting such faults, including the 

monitoring of the gate drive signals, analysis of the output waveforms, and the implementation of protective 

circuitry to prevent the escalation of fault conditions.Furthermore, research in this field has often highlighted the 

importance of rapid response mechanisms in mitigating the effects of detected faults, thus ensuring the continuous 

operation of the power converter systems. Techniques such as the immediate shorting of faulty switch legs within an 

H-bridge have been proposed to promptly isolate faults and minimize damage to the system. This approach not only 
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prevents further degradation of the electrical system but also ensures the safety and reliability of the vehicle's 

operation. 

The efficacy of these fault detection and mitigation strategies is ultimately measured by their ability to enhance the 

reliability, efficiency, and safety of electric vehicle operations. The advancements discussed in the literature suggest 

a promising direction towards achieving higher levels of system robustness, essential for supporting the widespread 

adoption of electric vehicles in urban settings. Such improvements are directly aligned with the broader 

environmental goals of reducing urban air pollution and promoting sustainable transportation solutions.In 

conclusion, the body of literature on fault identification and mitigation in H-bridge inverter PWM controlled shunt 

active power filters is both extensive and dynamic, reflecting the ongoing challenges and innovations in the field. As 

electric vehicles continue to be a focal point of urban environmental strategies, the development of more 

sophisticated fault detection and mitigation techniques will remain crucial. The continuous refinement of these 

technologies holds significant implications not only for the enhancement of electric vehicle reliability but also for 

the broader pursuit of sustainable urban mobility. 

PROPOSED SYSTEM 

In response to the burgeoning necessity for environmental sustainability and the heightened demand for electric 

vehicles (EVs) conducive to urban transportation, this study introduces a pioneering model adept at enhancing the 

reliability of power semiconductor converters through precise fault detection (FD) and effective mitigation 

techniques. Developed using the versatile simulation platform Simulink, this model represents a significant 

technological stride in voltage-source electrical inverters (VSI) designed to power Squirrel Induction motor drives, a 

common setup in modern electric vehicles. The core of this proposed system lies in its adept use of both open and 

closed semiconductor switch fault designation methodologies, which allow it to detect and address faults within the 

H-bridge inverter configurations, components crucial for the modulation and control of electric power within the 

vehicle. The model not only serves as a functional prototype to simulate various fault conditions but also acts as a 

testbed to scrutinize the behaviours and interactions of these complex systems under duress, thereby facilitating a 

comprehensive analysis that extends beyond conventional diagnostic approaches.The innovative FD technique 

developed as part of this system underscores a remarkable advancement in fault identification processes by 

leveraging the inherent capabilities of the H-bridge cell structure to detect multiple open switch faults rapidly and 

accurately, surpassing existing methods that often fall short in both speed and detection precision. By incorporating 

a strategic blend of hardware-based fault isolation and software-driven data analysis, the model significantly 

enhances the efficiency of fault detection processes. This is achieved through meticulous monitoring and analysis of 

the power output and switching behaviours of the H-bridge, thus enabling the system to identify discrepancies that 

indicate fault conditions such as open or short circuits. Once a fault is detected, the system swiftly engages 

corrective measures, notably the shorting of the faulty switch leg within the H-bridge. This immediate response not 

only prevents the escalation of the fault but also mitigates potential disruptions in the power flow, thus preserving 

the integrity and continuity of the motor drive’s functionality. 

Moreover, the model's architecture allows for an adaptive response to evolving fault conditions, whereby the 

system's feedback mechanisms adjust the operational parameters in real-time to compensate for or to rectify the 

detected anomalies. This dynamic adaptability is crucial for maintaining the operational stability of electric vehicles, 

especially in urban settings where reliability and safety are paramount. The use of Simulink in the development of 

the model provides a robust framework for simulating and testing these advanced fault detection and mitigation 

strategies under controlled conditions, thereby ensuring that each component of the system performs optimally 

before real-world application. This simulated environment also facilitates the exploration of various fault scenarios, 

providing invaluable insights into the potential challenges and responses associated with different types of faults. 

Consequently, this enhances the predictive capabilities of the system, allowing it to pre-emptively address faults 

before they manifest into functional impairments.The broader implications of such a sophisticated fault detection 

and mitigation system are profound, particularly in light of global efforts to reduce urban air pollution through the 

promotion of cleaner transportation technologies like electric vehicles. By significantly improving the reliability and 

safety of EVs, the proposed model not only contributes to the environmental objectives of reducing greenhouse gas 

emissions but also supports the technological evolution towards more sustainable urban mobility solutions. The 

integration of such advanced diagnostic and corrective technologies into electric vehicle infrastructure represents a 
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critical step forward in addressing the dual challenges of environmental sustainability and urban transportation 

efficacy.  

In essence, the proposed system embodies a comprehensive solution to the challenges posed by the need for reliable 

power conversion in electric vehicles, offering a blueprint for future developments in electric vehicle technology. Its 

capacity to enhance system reliability through sophisticated fault detection and mitigation not only makes it a 

valuable asset in the realm of electric vehicle engineering but also a pivotal component in the broader context of 

smart urban transportation infrastructures. As cities continue to expand and seek efficient, environmentally friendly 

transportation options, the relevance and necessity of such innovations become increasingly pronounced. The 

adoption of this technology could potentially set new standards for electric vehicle performance, marking a 

significant milestone in the journey towards achieving more sustainable and resilient urban environments. Through 

this study, we present not just a technical methodology but a vision for the future of transportation, where reliability, 

efficiency, and environmental responsibility converge to redefine our urban landscapes. 

METHODOLOGY 

The methodology deployed in this study for fault identification and mitigation in an H-Bridge inverter PWM 

controlled shunt active power filter is intricately designed to elevate the operational reliability of electric vehicles, 

contributing significantly to the broader objective of enhancing air quality in urban environments by curbing 

vehicular emissions. This methodological approach meticulously combines simulation and real-time analysis to 

furnish a comprehensive insight into the system’s behaviour under various fault conditions, employing a model 

developed using Simulink—a dynamic platform renowned for its precision and adaptability in system modelling and 

simulation. The procedural steps outlined provide a detailed narrative of the development, testing, and evaluation 

phases of the fault detection (FD) system, highlighting the integration of both open and closed semiconductor switch 

fault designation methodologies. The initial phase of the methodology revolves around the conceptual design of the 

voltage-source electrical inverter (VSI), which is meticulously crafted to drive a Squirrel Induction motor—a 

common component in electric vehicle drivetrains. The design process entails the configuration of the H-Bridge 

inverter to ensure optimal performance and compatibility with the PWM (Pulse Width Modulation) techniques and 

shunt active power filters. This foundational stage is critical as it sets the parameters for the simulation models and 

establishes the benchmarks for system performance under normal operating conditions.  

Following the conceptual design, the next step involves the development of the simulation model in Simulink. This 

stage is characterized by the detailed structuring of the model to mimic the actual operations of an H-Bridge inverter 

within an electric vehicle’s power system. The model incorporates both open and closed switch fault scenarios, 

providing a versatile framework to simulate a wide array of fault conditions. The simulation environment is enriched 

with features that allow for the modification of variables and the observation of system behaviour in response to 

manipulated inputs, thereby facilitating a granular analysis of fault dynamics.Once the simulation model is 

established, the process advances to the integration of the fault designation methodologies. These methodologies are 

pivotal in defining how the system detects and classifies faults. The open switch fault detection is typically based on 

the analysis of discontinuities in voltage and current waveforms, whereas closed switch faults require the monitoring 

of unexpected conductivity that might indicate a short circuit. By embedding these fault detection algorithms into 

the Simulink model, the system is equipped to identify fault occurrences promptly and with high accuracy, 

leveraging advanced computational techniques to distinguish between different types of faults effectively. 

The subsequent phase involves rigorous testing of the model under controlled conditions, where various fault 

scenarios are simulated to assess the responsiveness and effectiveness of the fault detection algorithms. This testing 

phase is crucial as it not only validates the functionality of the FD system but also provides insights into any 

potential adjustments needed to enhance fault detection accuracy and response times. Each test scenario is carefully 

documented to ensure that the system’s reactions to faults are consistent with theoretical expectations and to confirm 

that the mitigation strategies activated by the model align with the predefined safety and performance 

parameters.After the completion of the testing phase, the model undergoes a comprehensive evaluation process to 

ascertain its performance in real-time applications. This evaluation is conducted both with and without the presence 

of faults to provide a comparative analysis that highlights the efficacy of the fault detection and mitigation 

mechanisms. The evaluation criteria include the speed of fault detection, the accuracy of fault identification, and the 

robustness of the mitigation actions. The model’s capability to detect multiple open switch faults and its efficiency 
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in mitigating these faults by shorting the faulty switch leg are meticulously examined to ensure that the system 

meets the high standards required for operational integrity and safety in electric vehicle power systems. 

The penultimate step of the methodology focuses on the optimization of the model based on the insights gained from 

the evaluation phase. This optimization might involve fine-tuning the fault detection algorithms, enhancing the 

model’s sensitivity to minor fault signatures, or improving the speed of the mitigation response. The objective of this 

phase is to refine the model to an extent where it can be reliably integrated into the actual hardware of electric 

vehicle power systems, providing a robust FD framework that significantly enhances the vehicle's reliability and 

safety.Finally, the refined model is prepared for deployment, where it is integrated into the power system of an 

electric vehicle to provide real-time fault detection and mitigation. This integration signifies the culmination of the 

methodological process, marking the transition from theoretical development and testing to practical application—a 

critical milestone in the advancement of electric vehicle technology. The deployed model operates continuously, 

monitoring the H-Bridge inverter and ensuring that any faults detected are promptly and effectively mitigated to 

maintain uninterrupted system operation and to safeguard the functionality of the electric vehicle drive system. This 

comprehensive methodology not only embodies the technical sophistication required to enhance electric vehicle 

reliability but also contributes significantly to the sustainability goals of reducing urban pollution through innovative 

technological advancements. 

RESULTS AND DISCUSSION 

The results of this study underscore the efficacy of the developed fault detection (FD) technique, demonstrating its 

ability to accurately and swiftly identify faults within the H-bridge cell of a PWM controlled shunt active power 

filter. The system exhibited remarkable precision in distinguishing between open and closed switch faults, a critical 

capability that surpasses conventional FD methods in both speed and efficiency. Testing revealed that the model 

could successfully detect multiple open switch faults nearly instantaneously, thus preventing the propagation of 

errors that could lead to system failures. This capability is particularly vital in the context of electric vehicles, where 

the assurance of uninterrupted functionality is synonymous with safety and reliability. The data collected during the 

evaluation phase indicated a significant reduction in response time to fault conditions, markedly improving the 

system's overall performance and resilience. 

Further analysis of the results highlights the robustness of the Simulink-based model in simulating and mitigating 

various fault scenarios. The incorporation of both open and closed fault designation methodologies allowed for a 

comprehensive evaluation of the system under different conditions, thereby enhancing the versatility of the fault 

detection system. The model's ability to effectively short the faulty switch leg immediately upon fault detection 

without interrupting the overall system's functionality showcases an advanced level of fault mitigation. This feature 

not only safeguards the motor drive and its components but also ensures that the vehicle's operational integrity is 

maintained, thus contributing to safer urban commuting. The mitigation process, tested under simulated stress 

conditions, confirmed the model's capacity to handle real-world scenarios, reflecting its practical applicability in 

electric vehicle technology. 
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Fig 1. Voltage wave form 

 

Fig 2. Current wave form 

The discussion surrounding these results emphasizes the potential impact of this technology on the future of urban 

transportation. By improving the reliability and safety of electric vehicles through enhanced fault detection and 

mitigation systems, this study contributes to broader environmental and technological goals. It addresses the urgent 

need for sustainable urban mobility solutions, aligning with national efforts to enhance air quality by reducing 

vehicular emissions. Moreover, the findings suggest avenues for further research, particularly in the integration of 

such FD systems with other vehicular technologies, which could lead to more comprehensive improvements in 

electric vehicle systems. The promising outcomes of this research pave the way for more advanced developments in 

electric vehicle infrastructure, potentially setting new standards in automotive safety and performance. 

CONCLUSION 
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In conclusion, this study has effectively demonstrated the robust capabilities of a fault detection (FD) system 

specifically designed for an H-bridge inverter PWM controlled shunt active power filter, showcasing significant 

advancements in the reliability and safety of electric vehicle power systems. Through the employment of both open 

and closed semiconductor switch fault designation methodologies, the developed model, engineered in Simulink, 

has excelled in identifying and mitigating faults with notable speed and accuracy. This proficiency not only 

surpasses conventional methods but also ensures the uninterrupted functionality of the electric vehicle drive 

systems—a critical requirement for the safety and efficiency of urban commuting. Furthermore, the model’s ability 

to rapidly short faulty switch legs to mitigate potential disruptions reflects a significant technical enhancement that 

can be integrated into future electric vehicle designs to improve resilience and performance. The findings from this 

research align well with national initiatives aimed at reducing vehicular emissions through the adoption of cleaner 

technologies, thus contributing constructively to the overarching goal of enhancing air quality in densely populated 

urban areas. This study, therefore, lays a promising foundation for further innovations in electric vehicle technology, 

with potential broad-scale implications for sustainable urban transportation. 
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